Background Short sleep duration has recently been found to be associated with obesity in children, but findings involving adolescents have been less consistent, and some have mentioned gender differences.
Introduction
Adolescence is a dynamic period of physical and sexual development. It involves noticeable changes in sleep characteristics. 1 -3 Accumulating evidence in different ethnic groups indicated a robust relationship between short sleep duration and increased body mass index (BMI) in children. 4 -7 However, in adolescents, it is not clear whether shortened sleep is a risk factor for overweight or obesity. 8 Most studies on adolescents have treated gender as a covariate but did not investigate whether sleep duration and gender interacted with obesity or overweight. 8 The few studies that investigated the gender interaction showed potential gender differences. 8 However, the findings did not appear consistent across ethnic groups. 9 -14 For instance, when comparing Portugal, 11 Australia 10 and USA, 9 a significant association in boys was found in each, and in the latter study it showed that it was unrelated to race. 9 The Australian study showed similar results in girls as in boys, 10 while in the USA for girls race was a determinant. 9 One recent sample of 3311 adolescents from 10 European countries showed that short sleep was associated with increased obesity markers in both gender, and particularly in girls. 12 The few studies that explored potential gender differences in Asian adolescents have been suggestive for a sleep and weight association in girls especially. 13, 14 In 5753 Japanese junior high school students, reduced sleep was associated with overweight in girls but not in boys. 13 Another study in China also indicated a stronger association between adiposity and insufficient sleep for girls than for boys. 14 The authors explained that findings differed from those of the Western and Middle Eastern countries because of the markedly lower body fat percentage (BF%) in their lean population, 14 but it is still hard to exclude the role of ethnic difference. Gender differences in obese adolescents from Asian populations merit exploration. Shanghai is the largest and most prosperous city in China. This cosmopolitan metropolis has undergone considerable melding with Western culture, and the prevalence of childhood obesity and overweight was 18.1% in 2008 15 and is still increasing. It may be pertinent to explore the gender differences in the association between sleep duration and adiposity in early adolescents in Shanghai.
BMI is often the only measure of obesity used in the sleep literature even though it is merely a ratio of weight to height. BMI alone may not be able to identify adiposity accurately, especially in maturing children. 16 Increasingly, studies are reporting other measures. Skinfold thickness might be more strongly correlated with adiposity than BMI. 17, 18 Waistheight ratio (WHeR) has also been proposed as an alternative measure of central body fat and a useful predictor of cardiovascular risk, superior to BMI and waist -hip ratio in children. 19, 20 Using multiple adiposity indices during early adolescence may enhance a better understanding of the welldebated sleep-weight association. Therefore, we aimed to investigate the association between parent-reported sleep duration and adiposity in early adolescence and further, to examine whether such association varied by gender.
Methods

Subjects and design
The study was conducted from November to December 2009 in residential districts in Shanghai, China. Children were excluded if they had any chronic medical condition, genetic or craniofacial syndrome, or developmental disorder. The targeted 1736 fifth-grade children were from 10 primary schools. They were selected through stratified clustered random sampling methods at the district level (i.e. within six urban and four suburban and rural districts one primary school was randomly chosen). Of those, 1387 subjects provided completed questionnaires, resulting in a 79.9% response rate. Meanwhile, 1649 took part in the anthropometric assessments. The final sample consisted of 1309 children for whom complete information was available. The study was approved by the research ethics committee of Shanghai Children's Medical Center, and written informed consent was obtained from each child and his or her parents.
Measures
Socio-demographic questionnaire Parents filled out the Shanghai Children's Medical Center socio-demographic questionnaire regarding factors that may have a significant impact on childhood obesity. This included the following variables: gender, age, birth weight, gestational age (,37/!37 weeks), method of delivery (vaginal/ Cesarean delivery), exclusive breast feeding in the first 4 months (yes/no), number of hours of TV watching (,1/1 -2/.2 h per day), parental BMI being calculated from selfreported weight and height, and parental educational level ( junior high school and below/middle high school/university and above). Appetite was recorded via self-report as more than peers, the same as peers or less than peers.
5,13
Sleep The Children's Sleep Habit questionnaire is part of the Shanghai Children's Medical Center socio-demographic questionnaire packet. This questionnaire is commonly applied across cultures. 21 Although actigraphic sleep recording is a more objective and accepted method, it is a logistical challenge for epidemiological studies. Here, the sleep questionnaire and actiwatch sleep duration were reasonably consistent (r ¼ 0.59 -0.74). 22 Parents were asked to report their child's evening bedtime, wake-up time for weekdays and weekends in the past month. To simplify analysis, the average sleep duration was calculated as the weighted average of weekday and weekend sleep durations using the formula: [(weekday sleep duration Â 5) þ (weekend sleep duration Â 2)]/7. The calculated sleep duration was then classified into four groups based on the median (i.e. preventing the potential effect of outliers) of the total sample (n ¼ 1309), then we defined them as shortest (less than 21 SD, n ¼ 180, range: 7.57 -8.88 h), shorter (21 SD median, n ¼ 493, range: 8.89 -9.45 h), longer (median þ1 SD, n ¼ 464, range: 9.46 -10.04 h) and longest (greater than or equal to þ1 SD, n ¼ 172, range: 10.05 -13.50 h) (Fig. 1) .
Anthropometric measurements
Height and weight were measured with the subjects wearing light clothes and no shoes. Height was measured to the nearest 0.1 cm with a stadiometer (RGY-140 stadiometer, Shanghai BaoShan Weighter Factory). Weight was measured to the nearest 0.1 kg with a weighing scale (Type RGT-140-RT Body Weight Balance, WuXi Weigher Factory Co. Ltd.). Waist circumference was measured midway between the lowest rib and the superior border of the iliac crest to the nearest 0.1 cm with a measuring tape (Gulick II tape Model 67019, Country Technology, Inc., Philippines) while the subjects were not wearing clothes. Skinfold thickness was measured on the left side of the body at the triceps and subscapular sites to the nearest 0.1 mm with a Harpenden Skinfold Caliper (CE 0120, Baty International, West Sussex RH15 9LR, UK). Skinfold thickness was measured in triplicate, and other assessments were performed twice, and their average was used in the analyses. In addition, Tanner stage (I -V) was determined based on visual inspection by an experienced pediatric endocrinologist.
BMI was calculated as weight (kg)/height squared (m 2 ). Obesity and overweight were defined according to BMI cutoff values for Chinese children aged 2-18 years. 23 The cutoffs applied differed per gender and age group (for example: in boys, 9.0 -12. 
Statistical analysis
Mean and SD were used for continuous variables and percentage for categorical variables. The t-test and ACOVA were applied to assess group difference. For each of the anthropometric measures, which were treated as dependent variables, multiple regression models were performed for the total sample, with the sleep groups and socio-demographic factors included (adjusted models). The best-fitting regression model (backward entry method) was reported (R-square) and standardized regression coefficients (betas) were used for comparisons across predictors. The same approach was used for the boy and girl subsamples. P-values of ,0.05 were considered statistically significant, and the exact P-value was reported unless P is ,0.001. All statistical analyses were conducted using SPSS (version 13.0, SPSS, Inc., Chicago, IL, USA).
Results
Of the final study sample (n ¼ 1309), 685 were boys (52.3%). The mean age was 10.82 + 0.38 years. Children slept on average 9.46 + 0.58 h (boys versus girls: 9.43 + 0.61 versus 9.49 + 0.54, P ¼ 0.056), and the proportion of overweight and obese were 19.3 and 11.5%, respectively. More boys than girls were obese (boys versus girls: 14.6 versus 8.2%, x 2 ¼ 13.21, P , 0.001) but no gender differences were found in the overweight group (boys versus girls: 17.8 versus 21.0%, x 2 ¼ 2.12, P ¼ 0.15). Table 1 shows the anthropometric measures and sleep duration across gender. Table 2 shows the association between sleep and anthropometric measures (unadjusted models). There are significant differences between sleep groups in anthropometric measures. Although the percentage of obesity is different across sleep duration groups, this result is not found for overweight adolescents. The odds ratio of being obese in those who had the shortest sleep duration was 2.27 (95% CI: 1.20 -4.29) compared with those having the longest sleep.
In the adjusted models, compared with early adolescents in the longest sleep group, those who were in the shortest sleep group still had significantly higher BMI, WHeR and BF% in the total sample. In general, significant risk factors (Table 3) of adiposity measures were gender, Cesarean birth, appetite, (Table 3) , sleep was significantly related to increased adiposity in girls who were in the shorter and shortest sleep groups. Only WheR was found to be associated with sleep in the shortest sleep group for boys. Overall, gender-specific risk factors included physical development for girls, whereas prenatal factors (non-exclusive breast feeding in the first 4 months, Cesarean birth) and parental education were for boys.
Discussion
Main findings of this study
In this study, reduced sleep was associated with higher adiposity measures in Chinese early adolescents, and this association was only observed in girls after gender stratification.
What is already know on this topic
Childhood obesity has become a widespread heath problem in both developed and developing countries. 25, 26 Genetic and lifestyle factors may contribute to childhood obesity but behavioral interventions such as increasing physical activity and improving nutrition have shown limited evidence of effectiveness. 27 A great body of evidence has shown lack of sleep to be associated with childhood obesity. 4 -7 However, findings involving adolescents are less consistent. 8 The few studies 
Sleep ( that investigated gender interactions during adolescence indeed showed difference results across studies.
-14
What this study adds
Here, reduced sleep was generally found to increase the likelihood of weight gain for early adolescents in this study. Thus, our results, combined by our previous study in preschool children, indicate that sleep might be a risk factor for obesity in both children and early adolescents in China. 5 Similarly, a prospective longitudinal study indicated that reducing sleep by 1 h per night at 10 years of age was associated with an increased odds of being overweight or obese at age 13. 28 The current findings further suggested that a diverse set of anthropometric characteristics beyond BMI may help further understanding of the relationship between sleep and weight. Unlike other studies, 29 the present work showed that short sleep duration adversely affected WHeR among children who were in the shortest sleep group. WHeR served not only as a relatively constant anthropometric index of central obesity across different age, gender or racial groups, but also as an indicator of the risk of cardiovascular disease in children. 19, 20 Related studies showed that WHeR is the best predictor of risk of central obesity and cardiovascular disease in normal weight, overweight and obese children, but BMI may lead to underestimation of the cardio-metabolic risk in normal weight and overestimation of the same in the overweight and obese children. 19 In this way, WheR provides a better estimate of overall risk. The increased association between high BF% risk and short sleep in the current study partially corroborated the findings of previous studies. 14, 29, 30 Although researchers have found dual-energy X-ray absorptiometry to be the most accurate method of quantifying body fat, it is expensive, radioactive and not suitable for large epidemiological studies. 31, 32 Then, skinfold thickness was used instead. This method is simple and can be used to calculate relative body fat quickly. It has been reported to be closely correlated with actual body fat content while BMI may not be as good a reflection as the distribution of fat around the body. 16, 17 The current study, which used three different measures of adiposity, reinforces previous findings that less sleep may be predictive of weight problems.
There are several potential mechanisms that might explain the association between sleep and weight gain. First, reduced sleep might increase dietary intake, either through the individual having more waking hours available in which to eat, or through a more complex hormonal regulation involving decreased leptin and increased ghrelin. 33 Secondly, sleep loss may increase lipogenic properties through the decreased growth hormone and increased cortisol. 34, 35 These changes are risk factors for the development of insulin resistance, obesity and 
Bold, significant P-value printed; blank, removed from the final best-fitting regression model (backward entry); b, hypertension. 36 Thirdly, reduced sleep results in tiredness, which may influence the basal metabolic rate and hamper physical activity. 33 Hence, 'sleep' may be an important regulator in weight management.
A stronger association with weight problems was found in girls subjected to reduced sleep than that in boys. This indicated that adolescent girls may have an increased susceptibility to weight problems after reduced sleep. However, most studies conducted in Western and Middle Eastern countries showed the opposite effect, reduced sleep was found to be more related to obesity in adolescent boys than girls. 8, 9, 11 Among the four Asian studies that investigated gender differences, including the current study, three studies showed sleepdeprived adolescent girls had a greater risk of excess weight than boys. 13, 14 The exception was one study conducted in Japan: boys aged 9 -10 years old were reported to be at more risk than girls. 37 The studies apart from ours which found girls were at more risk involved a rather lean population. Among the Japanese study population, 19% of boys and 13.9% of girls were either overweight or obese. 13 The Chinese study population conducted by Sun in Anhui Province showed 11.4% of boys and 5.7% girls were overweight and obese.
14 One author explained that the fact that the participants were leaner than those in Western and Middle Eastern countries might have caused the difference findings across ethnicities. 14 In the current study, 32.4% of participating boys and 29.2% of girls were either overweight or obese. This was higher than in the two studies mentioned above and more similar to the Western study population. This result and the aforementioned studies indicated that the discordant results of gender difference across ethnicities may be due to the ethnic difference. Studies showed that there are indeed ethnic differences in body composition; i.e. BF% of Asian population was 3 -5 percentage points higher than Caucasians at the same BMI. 38 Some have suggested that ethnic differences in sleep architecture may be equally influential. 39, 40 Larger, similar studies in different ethnic groups would be meaningful. Further research is needed to examine how ethnic differences in sleep architecture and sleep -wake patterns during adolescence may influence energy balance and weight status.
Sleep was not the only factor found to contribute to higher risk of obesity in the study population. Generally, although good appetite is independently associated with weight problems, physical development in girls, perinatal factors and parental education in boys were found to be significant risk factors of adiposity in our study. Being more physically mature contributed more to weight problems than age did, especially for girls. This indicated that, in studies on adolescents, pubertal status should be considered. Additionally, in a rapidly changing China, higher parental education was independently associated with weight problems, especially in boys. This may reflect cultural views of care-giving in Chinese society. Traditional Chinese values may encourage parents to provide more attention and care to their male children than to girls, which may result in the lengthening of the exclusive breast feeding period for boys and exposing them to more different kinds of foods, and otherwise giving them a more obesogenic lifestyle. 41 Cesarean delivery is common practice in China. 42 In our study population, 47.2% of participants were born by Cesarean. It was found to be related to adiposity independent of birth weight. One longitudinal birth cohort study indicated that Cesarean-delivered children had 1.83 times the odds of becoming overweight or obesity by age 11, despite a smaller proportion of Cesarean sections performed. 43 It is hypothesized that infants delivered by Cesarean section have different composition of microbiota, and that might contribute to the increased risk. 44 
Limitations of this study
There were several potential limitations to this study. The most important was the parent-reported sleep duration, which may tend to overestimate sleep duration. 45 However, studies have shown reasonable close agreement between parental reports and the actigraphic measurements of sleep duration. 22 Although a variety of potentially confounding variables have been taken into account, other variables such as physical activity, depression and genes were not measured. However, weekday TV viewing hours were taken into account. These may represent a child's sedentary activity but do not incorporate any aspect of physical activity. The current study was conducted solely in Shanghai, which is not likely to be representative of the national data. However, the current results nonetheless support the conclusion that lack of sleep is associated with weight gain not only in lean but also in overweight Asians.
In conclusion, short sleep duration was found to be associated with higher adiposity indices in Chinese early adolescents, especially in girls. These results may provide important data for use in public health programs for the prevention of childhood obesity in early adolescence.
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